Objectives: To examine the long-term effects of predominant breastfeeding on incidence of otitis media. Design: Prospective birth cohort study. Setting: The West Australian Pregnancy Cohort (Raine) Study recruited 2900 mothers through antenatal clinics at the major tertiary obstetric hospital in Perth, Western Australia, between 1989 and 1992. Participants: In total, 2237 children participated in a 6-year cohort follow-up, and a subset of 1344 were given ear and hearing assessments. Main outcome measures: OM diagnosis at 6 years of age (diagnosed by low-compliance tympanograms, 0-0.1 mmho). This was compared to OM diagnosed at the 3-year cohort follow-up using parent-report measures. Main exposure measures were duration of predominant breastfeeding (defined as the age other milk was introduced) and duration of partial (any) breastfeeding (defined as the age breastfeeding was stopped).
Results: There was a significant, independent association between predominant breastfeeding (OR = 1.33 [1.04, 1 .69]; P = 0.02) and OM, and breastfeeding duration (OR = 1.35 [1.08, 1.68]; P = 0.01) with OM at 3 years of age. However, at 6 years of age, this relationship was no longer statistically significant (predominant breastfeeding OR = 0.78 [0.48, 1.06]; P = 0.09; duration of breastfeeding, OR = 1.34 [0.81, 2.23]; P = 0.25). Conclusions: Our findings are in line with a number of epidemiological studies which show a positive association between breastfeeding and OM in early childhood. However, the long-term follow-up of these children revealed that by 6 years of age, there was no significant influence of breastfeeding on presence of OM. These results suggest that the protective effect of predominant breastfeeding for at least 6 months does not extend to school-age children, where other social and environmental factors may be stronger predictors of OM.
What is known about this topic
• The positive benefits of breastfeeding for children are widely recognised
• The effect of predominant breastfeeding on the incidence of otitis media is still unclear
• Previous cohort studies have followed up these outcomes in infants for a relatively short period of time (usually 6-24 months of age)
What this study adds
• This study shows a significant, protective association (P = 0.01) between breastfeeding and incidence of OM at 3 years of age, but not at 6 years of age in a longitudinally studied cohort.
• The protective profile of breastfeeding for otitis media may not extend beyond early childhood.
Otitis media (OM) is one of the most common diseases in childhood and is estimated to affect over 90% of children before their second birthday. 1 It is also one of the highest causes of antimicrobial prescriptions 2 and surgery in children. 3 The clinical course of OM and its sequelae are varied; some children will experience a spontaneous resolution of symptoms with no lasting effects, whilst others will receive medication, with or without surgical intervention, which is often effective in resolving or stopping the progression of the disease. 4, 5 Unfortunately, many children will experience recurrent and more severe episodes of the OM with extended periods of middle ear effusion that are associated with decreased hearing sensitivity. Middle ear effusion as a result of OM can occur due to acute episodes and typically lasts between 1 and 4 weeks, 6 with episodes lasting for >3 months generally considered chronic. 7 Whilst the potential for poorer developmental outcomes for children with permanent hearing losses are well established, [8] [9] [10] the lasting effects on developmental outcomes due to the temporary hearing loss associated with middle ear effusion due to OM are less clear, although they are proposed to result in language, behavioural and other developmental problems, as well as poorer educational achievement. [10] [11] [12] [13] Previous research has primarily examined the association between breastfeeding and OM incidence in infancy, with few study cohorts following children long enough to examine whether there is a lasting relationship between breastfeeding and OM that persists into early childhood. This study aimed to address this question by examining the relationship between predominant breastfeeding and duration of any breastfeeding with the presence of OM at 3 and 6 years of age, whilst accounting for known co-variates. Data from an established pregnancy cohort were used for this study.
Methods

Cohort setting
The Western Australian Pregnancy Cohort (Raine) Study is a pregnancy cohort consisting of 2868 children born between 1989 and 1992.
14 The Raine Study enrolled pregnant women at 16-20 weeks of gestation from King Edward Memorial Hospital, the major tertiary maternity hospital in Perth, Western Australia, along with nearby private medical centres.
Cohort recruitment
Mothers were selected for enrolment if they had sufficient proficiency in English, expected to deliver at the hospital and intended to remain in Western Australia for child follow-up into adulthood. 15 
Predictor variables
Breastfeeding data were measured in two ways. Data on any and predominant breastfeeding were collated from feeding questionnaires completed by mothers at the 1-, 2-and 3-year follow-ups. Any breastfeeding was measured as the age breastfeeding stopped. Predominant breastfeeding was presumed to occur up until the introduction of milk other than breastmilk and was considered a proxy measurement of exclusive breastfeeding. The predictor variables were coded into categorical variables of breastfeeding duration <6 months compared to 6 months or longer, and the introduction of other milk at <6 months of life (not including the intake of solid foods), compared to introduction at 6 months or later, as determined by the parental feeding questionnaires.
Outcome variable
The main outcome variable was the presence of OM at 6 years of age. The identification of a broad diagnosis of OM (which could be either acute otitis media or otitis media with effusion) in the cohort was assessed by otoscopic examination with tympanometry at 6 years of age. Children were considered exposed to OM if tympanometry showed bilateral 'type B' low-compliance (0-0.1 mmho) tympanograms at 6 years of age. The presence of OM at 3 years of age was used as a secondary outcome variable. At 3 years of age, parents of children included in study were asked the yes/no question 'Has your child ever in his/her life [had] otitis media (middle ear infection)? If so, how many?' The parental report of three or more episodes of OM in the first 3 years of life constituted a diagnosis of OM in the cohort. Clinical examinations were performed by a specialist nurse, and children were also considered to have OM if, at either of the first-year, second-year or third-year follow-ups, clinical examination with otoscopy revealed any of the following: presence of scarred, retracted, inflamed or perforated tympanic membranes, the presence of middle ear effusion or ventilation tubes (i.e. grommets) in situ. Due to the broad nature of the classification of OM in the cohort at 3 years of age, we were unable to determine the specific clinical features for individual participants.
Co-variates
A number of co-variates in the study cohort that have previously been shown 16, 17 or hypothesised to influence either OM or breastfeeding practices 18 were available in the Raine Study database and were included in the multivariate analysis. These included maternal education (completed high school), maternal language, maternal ethnicity, maternal alcohol consumption during pregnancy, below average household income (<$24k), sex of the child, parity, birthweight (low birthweight <2500 g), prematurity (gestational age <37 weeks), exposure to passive smoking and day care attendance.
Cohort assessment and follow-up
The Raine Study used both medical records and parental selfreport measures to collect detailed demographic and medical data prenatally and at birth. Parents were asked to keep detailed diaries of their child's medical history. During follow-up visits, parents completed questionnaires describing any illnesses and medical problems, which were coded by Raine Study research staff using International Classification of Diseases, 9th Revision. 19 Informed consent was obtained for follow-up of the children from birth.
Eligibility of participants for present study: inclusion criteria
All women and their children who were eligible to participate in the Raine Study were eligible for inclusion in this study.
Eligibility of participants for present study: exclusion criteria
Children with missing OM or breastfeeding data were excluded casewise from the study.
Ethics declaration
Participant recruitment and follow-up for the Raine Study was approved by human ethics committees at the main maternity unit at King Edward Memorial Hospital and paediatric unit at Princess Margaret Hospital, in Perth, Western Australia. Parents provided written informed consent and participants were re-consented at 18 years of age for the use of stored data. Approval for the release of data for this project has been given by the Raine Study Executive Committee through approval of a project proposal.
Statistical analysis methods
Frequencies for predictor and outcome variables were summarised in relation to the presence or absence of OM. Multivariable regression analysis to examine the effect of the categorical breastfeeding predictor variables and co-variates on OM status at 3 and 6 years of age was conducted using a binary logistic model. All statistical analyses were undertaken using SPSS software version 21.0 (IBM Corp, New York, NY, USA).
Results
Otitis media assessment data were obtained for a subset of 1344 children at the 6-year follow-up and were classified as having OM (n = 143) or not. Of these, 1283 had complete data relating to the introduction of other milk (i.e. predominant breastfeeding) and 1276 had complete data relating to breastfeeding duration ( Table 1 ). The mean age of participants at follow-up was 5.91 (SD 0.22) years, with ages ranging from 5.08 to 7.25 years. At the 3-year follow-up, a subset of 2280 children were examined; of these, 2105 had complete data relating to the breastfeeding variables and 577 children were classified as having OM based on parental report, clinical examination or both (Table 1) . Of the 143 children with OM at the 6-year follow-up, 42 of these children (29.4%) also had an OM diagnosis at 3 years of age. Cohort characteristics for the primary outcome variable at 6 years and co-variates included in the multivariate analysis are described in Table 2 . Protective benefit of predominant breastfeeding 31
Effect of breastfeeding duration on OM
The frequency characteristics of the cohort who had breastfeeding duration data and OM status data at three (n = 2118) and 6 years (n = 1283) of age are presented in Table 1 . At 3 years of age, there was a significant association between breastfeeding duration <6 months and OM (OR = 1.35 [1.08, 1.68]; P = 0.01) once adjusted for covariates, indicating a protective effect of breastfeeding for longer than 6 months (Table 3) . However, at 6 years, Table 1 shows that 4.5% of children who had a breastfeeding duration of <6 months were diagnosed as having OM. This is compared to 6.6% for children who were breastfed for at least 6 months; this difference was not significant (v 2 = 0.790; P = 0.375). A multivariate binary logistic regression model (Table 5 ) also showed no significant association between duration of breastfeeding and OM at age 6 years (OR = 1.34 [0.81, 2.23]; P = 0.25) once adjusted for a range of sociodemographic and environmental co-variates.
Effect of non-exclusive breastfeeding on OM
The characteristics of the cohort who had data relating to the introduction of milk other than breastmilk at <6 months of age and OM status data at three and 6 years of age are presented in Table 1 . At 3 years of age, there was a significant association between the introduction of other milk and OM (OR = 1.33 [1.04, 1.69]; P = 0.02) once adjusted for covariates, indicating a protective effect for predominant breastfeeding for ≥6 months (Table 4) . However, at 6 years of age, Table 1 shows that 10.3% of children who had milk other than breastmilk introduced at <6 months were diagnosed as having OM. This is compared to an OM rate of 13.3% for children who were predominately breastfed for at least 6 months; this difference was not significant (v 2 = 2.485; P = 0.375). When a multivariate binary logistic regression model was applied, there was also no significant association between the introduction of other milk at <6 months of age and presence of OM (OR = 0.71 [0.47, 1.05]; P = 0.09), indicating no protective response at this age (Table 6 ).
Discussion
Otitis media is a multifactorial disease with a range of prenatal, post-natal, genetic, social and environmental factors that contribute to its prevalence, incidence and severity. 16, 17, 20 We examined the role of predominant or any breastfeeding with the risk of OM in early childhood. We found a significant association between predominant breastfeeding and duration of breastfeeding at 3 years of age with parent-reported OM, but the association between breastfeeding and OM was not significant at 6 years of age using tympanometry for diagnosis. This indicates that the protective profile of breastfeeding may not extend beyond early childhood. However, if the critical period of language development is said to occur in the first 3 years of life, then the protection offered by breastfeeding could be argued to occur during the time period of greatest need.
The assessment of OM status at 6 years of age is a particularly relevant assessment in our cohort as this is the approximate age of school entry in this population. With the peak incidence of AOM and OME occurring between 6 and 12 months of age, later OM is generally indicative of chronic OME or recurrent AOM and its associated hearing loss. 20 Age at school entry is a significant time-point in the development of a child, and the presence of hearing loss associated with OM at this time may negatively affect the child's educational achievement, through decreased teacher interaction and increased distractibility associated with the disease. 21 The general health and immunological benefits of breastfeeding for children are widely recognised. [22] [23] [24] [25] [26] However, research examining its effect on the incidence of OM has been equivocal. Rothstein and Bland 27 were the first to report an increased incidence of OM in bottle-fed compared to breastfed children. They suggested that the transfer of Immunoglobulin A (IgA) in breastmilk was protective against OM. Breastmilk also contains host defence factors that inhibit Haemophilus influenzae, a major cause of OM and lower respiratory tract infections in childhood. 28 Results from subsequent studies have varied, with some showing clear support for the positive benefits of breastfeeding 1, 29, 30 whilst others have indicated no association. There has also been the suggestion that it is the method of feeding (bottle versus breast) that creates an increased risk of OM, regardless of whether the bottled milk is formula or expressed breastmilk. 22, 32, 33 The position of the infant during feeding (supine or semi-upright) has also been proposed to contribute to an increased incidence of OM in infants, regardless of whether the infant was fed bottled formula milk, expressed breastmilk from a bottle or predominantly breastfed. Tully et al. 34 reported a 59.6% rate of abnormal tympanograms following supine bottlefeeding compared to a 15.0% rate of abnormal tympanograms in infants fed in a semi-upright position, regardless of the contents of the bottle. They argued that supine bottle-feeding results in aspiration of milk into the middle ear cavity resulting in blockages that may be linked to an increased incidence of OM. However, Rosenfeld 35 has argued that whilst supine feeding may result in abnormal tympanograms for infants, these infants did not have a history of OM, and therefore the effect of supine feeding on children prone to OM has not yet been established.
15,31
It has also been established that the mechanics of infant sucking for bottle-fed or mixed-fed babies are different to breast-fed babies, with fewer sucks and longer pauses observed for bottle-fed babies. 36 Infant jaw movement facilitates opening and closing of the Eustachian tube, 37, 38 and the reduced sucking movements in bottle-fed infants may result in less ventilation of, or reduced clearance of fluid from, the middle ear. This reduced ventilation of the middle ear in bottle-fed infants may be another mechanism for increased risk of OM in this group.
A 2009 meta-analysis 39 found a significant, protective association between exclusive breastfeeding for at least 4 months and risk of otitis media, compared to exclusive bottle-feeding (pooled OR = 0.50 [95% CI 0.36, 0.70]). However, the majority of studies included in this metaanalysis followed infants for a relatively short period of time (6, 40 12 41 or 24 42 months of age). Whilst there are limitations to our analysis, our findings support the results from this meta-analysis up to 3 years of age but do not extend the protective profile of predominant breastfeeding against OM for children beyond this point. Instead, our results indicate that other social, environmental and genetic factors may be stronger predictors of otitis media beyond 3 years of age. Our findings at 3 years of age also support current WHO 43 and NHMRC 44 guidelines which recommend exclusive breastfeeding for at least 6 months, with the introduction of solid foods from 6 months 43 or between 4 and 7 months 44 of age. A number of potential mechanisms for the protective effect of breastfeeding on OM in early childhood exist, including immunological, 28 feeding angle 34 and the mechanical action 36 hypotheses. However, it is possible that as children become older, they become exposed to greater environmental risk factors that exceed the protective benefits provided by breastfeeding. Day care, for instance, was included in analyses as a co-variate in our study and was significant across three of the multivariate analyses (Tables 3-5) , and approaching significance in the fourth (Table 6 , P = 0.06).
Limitations of our study include the absence of genetic risk factors as co-variates and cross-sectional categorisation of OM at three and 6 years of age meaning that we could not distinguish between children who were suffering acute or chronic forms of OM. However, all forms of OM presenting with middle ear effusion may reduce hearing levels for at least one to 4 weeks at a time which could have a negative impact on educational or developmental outcomes. Furthermore, the two OM groups (parent reported at 3 years and confirmed by tympanometry at 6 years) are not directly comparable, with the 6-year-old group having a more sensitive and objective diagnostic measure. Ideally, continuous monitoring of children including confirmation of middle ear disease by patient history, tympanometry or pneumatic otoscopy and audiometry is required. However, the skills, equipment and expertise for this are often not available when aiming to examine OM as part of a largescale, longitudinal, multidisciplinary population cohort, such as the present study. In such cases, parental-report measures are often recommended 45 and continue to be used 46 to identify a broad presentation of OM that may include children with a wide range in severity of symptoms. The sensitivity of parental-report OM has been estimated to be between 75 and 95%, with a specificity of 65-100%, 47 with parents more likely to underestimate the number of episodes if the child had <6 episodes and overestimate episodes if the child had >6 episodes. The addition of tympanometry at 6 years of age strengthens the methodology of OM diagnosis at this time-point, but also reduces the comparability of the two groups. The effect of additional factors beyond 3 years of age that could also modify risk of OM include exposure to potential bacterial or viral causes of OM through the school environment, seasonal changes, nutrition, hygiene, air pollutants and the emergence of allergies. 16, 48 The continued development of the Eustachian tube in children should also reduce risk of OM between three and 6 years of age. 37, 38 Genetic risk factors influencing susceptibility to OM have been identified through a genome-wide association study 17 for children in the Raine cohort at 3 years of age, with variants in CAPN14 and GALNT14 on chromosome 2p23.1 and the BPIFA gene cluster on chromosome 20q11.21 identified. It is not known whether these variants, or other as yet unidentified genetic variants, also influence OM risk at 6 years of age. Studies examining the relationship between breastfeeding and illnesses are also subject to possible limitation by misclassification of exposure and outcome by confounding. 49 To correct for limitations, four methodological standards have been proposed by Bauchner et al. 49 for breastfeeding studies to adhere to. These include avoidance of detection bias, clear definition of the outcome event, clear definition of breastfeeding, and adjustment for potential confounding variables. All four recommended standards have been met in our study, and the odds ratios exhibited an expected direction of effect, suggesting biological plausibility and specific effects of predominant breastfeeding at 3 years of age. However, this study has not examined the specific composition of breastmilk, and future cohort studies should consider the impact of maternal diet and breastmilk composition on risk of OM.
Conclusion
As a multifactorial disease, the risk of OM must be considered in the context of a range of prenatal, post-natal, genetic, social and environmental factors that contribute to its prevalence, incidence and severity. 20 However, whilst the complete mechanisms of action are not fully understood, our findings suggest that where possible, breastfeeding predominantly for at least 6 months offers a practical method of reducing the risk of OM in early childhood. Our results indicate that the protective effect of breastfeeding is most evident in the first 3 years of life. However, it is during this period of early childhood development when breastfeeding could offer significant protection in reducing the impact of OM on language development.
